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Gai t analysis is one of the important aspects of evaluation in ambulatory children with cerebral palsy (CP). Access to instrumented gait analysis is not universal or feasible. Many observational gait analysis scales have been devised to clinically evaluate gait. 1, 2 In comparison with instrumented gait analysis, observational gait analysis is less cumbersome, requires less instrumentation, and is a feasible clinical option. Observational gait analysis can be reliably replicated in community centers where instrumented gait analysis is not available and, hence, plays an important role in decision making before surgery and in monitoring gait after intervention at consecutive follow-up.
The Edinburgh Visual Gait Score (EVGS) 2 is a reliable and easy-to-use observational gait analysis scale. 3 The scale has stringent instructions to ensure reliability. Its concurrent validity with threedimensional gait analysis has been documented. 2 One criticism of the EVGS has been that there is no report of its ability to detect changes after minimally invasive intervention. 4 The essential properties of a scale are validity, reliability, and ability to detect change. The ability of a tool to detect change with intervention or over time is known as responsiveness. This clinimetric property is an indicator of the measure's sensitivity. Responsiveness must be taken in relation to testretest stability of a test, which is the ability of a tool to consistently measure an attribute with comparable results.
One of the ways of estimating a measure's responsiveness is by calculation of effect size (ES). 5Y8 ES gives a continuous parametric measure of the change between time points. Cohen has classified ESs as trivial (ES G 0.20), small (ES Q 0.20, G0.50), moderate (ES Q 0.50, G0.80), and large (ES 9 0.80). 9 Although this classification has been criticized as being overly simplistic, the classification continues to be used as a guideline for understanding ES. 7 The minimal clinically important difference (MCID), 5,10 which is quantified using ES, is the amount of change seen on an outcome that is directly attributable to intervention. The term MCID was first described by Jaeschke and colleagues 11 in 1989 to acknowledge both statistically significant and clinically significant changes. They argued that in some cases, the statistically significant change had little clinical significance. Ascertaining the MCID would therefore give a value that has clinical meaning. Therefore, quantifying the MCID may serve the objectives of justifying treatment in patient population and assessing group difference to evaluate treat-ment efficacy. 5 This minimum score is important to understand whether change has occurred because of an intervention or is the result of natural variability in performance. One of the characteristics of children with CP, especially the spastic type, is their inability to alter their gait in response to external stimuli. 11a This results in a stereotypical/ nonchanging gait pattern in the child. Hence, any changes in an individual's gait pattern can be attributed to intervention or increasing disability. Increasing disability may be caused by obesity or progressive deformity.
The EVGS consists of a 5-point scoring system ranging from 2, 1, 0, 1, and 2. Zero is normal, 1 is moderate deviation in one/either direction, and 2 is marked deviation in either direction. The higher the score is, the greater the deviation. The total possible score of EVGS per limb is 34 (2 [i.e., marked deviation score] Â 17 items). 2 The developers of EVGS reported a reduction of 4 in the score on each limb from the preintervention score as an improvement and as the minimum change in score required that would be indicative of change. This was based on the premise that a change of 4 was greater than the interobserver variability noticed in their study. Although this is an important indicator, it is also necessary to establish the MCID of the measure because it is more indicative of group mean differences that can be considered relevant in research.
Hence, the objective of this study was to determine the responsiveness and MCID of the EVGS at 6 and 12 mos after corrective orthopedic surgery of the lower limbs in children with CP.
MATERIALS AND METHODS

Study Design
This 3-yr prospective longitudinal study was conducted in the pediatric orthopedic services of a tertiary referral hospital in India that caters to a large population along the south west region of the country. This study was approved by the university ethics review board.
Participants
Fifty ambulant children with a formal diagnosis of spastic diplegic CP, aged between 6 and 19 yrs (mean T SD, 11.44 T 3.6), with Gross Motor Functioning Classification System levels of II (n = 6) and III (n = 44) were recruited. The distribution of surgical procedures is depicted in Table 1 . A written informed consent from the child's legal guardian and the child's verbal assent were obtained before commencement of this study.
Intervention
Surgeries on the children were performed by any of three orthopedic surgeons, following similar techniques. The surgeons' experience with children with CP ranged from 5 to 25 yrs. After surgery, all the participants returned home with a home exercise program consisting of open chain exercises and limited functional training. They returned to the hospital after 6 wks in the case of soft tissue procedures, and 12 wks, in the case of bony procedures. The children underwent an intensive program consisting of physiotherapy and occupational therapy for a week to 10 days. The rehabilitation program consisted of flexibility, strengthening, functional training, balance, and gait training and training in activities of daily living. After this, the participants were discharged from the hospital with a home program consisting of the same components of therapy. The parents were trained, and a digital video disk of the program was given to them as reinforcement.
Procedure of Gait Evaluation
All the participants underwent a routine evaluation by a pediatrician to rule out any condition that would preclude their ability to ambulate for 5 mins. After this, gait evaluation was conducted as follows. The children walked barefoot on a level indoor surface for 5 mins, and the trial was recorded. To maintain consistency in recording, strict protocols were followed as described below.
One camera (Nikon Coolpix, S220) 13 was mounted on a stationary tripod, maintaining a distance of 3 m between the tripod and the midportion of the walkway. Calibration was done by using a square grid mounted on the far wall to minimize parallax and out-of-plane errors. This also aided the viewing of the line of progression of the knee and scoring. The second camera was placed at the end of the walkway. The placement of the cameras is shown in Figure 1 .
This ensured clear picture quality for approximately 3 m of the walkway, allowing visualization of a minimum of three gait cycles per traversal. The videography was done at a frame rate of 30 per sec. The camera had a frame width of 640 pixels, frame height of 480 pixels, and total data bit rate of 8862 kpbs. 13 The cameras were focused at the level of knee joint to accommodate visualization of all joints of interest. 14 
Patient Preparation
Before recording, reflective markers were attached to bony landmarks mentioned below to aid scoring from videographs. 14, 15 Foot complex (fifth meta-tarsal head, lateral and medial malleoli)
Lateral and medial joint line of the knee joint Greater trochanter Anterior superior iliac spine Posterior superior iliac spine Iliac crest
Video Recording
Videos were recorded in a well-lit and spacious laboratory (15 m wide and 10 m across). The participant was instructed to walk repeatedly along a 9-m pathway for 5 mins at a self-selected pace. Sagittal plane views of both sides were captured when the participant was in the middle 3 m of the walkway. Anterior and posterior views of the entire gait trial were recorded. Accuracy of frontal plane evaluation has been reported to be greatest when the subject is farthest away from the camera, and hence, scoring of the final 2 m on each traversal was done. 14 
Analysis
Gait was recorded before surgery and at 6 mos and 12 mos after surgery. Videos were edited so as to obtain a minimum of 15 clear gait cycles on each side. The edited videos were imported to Adobe Premiere CS3 software to allow for slow motion analysis of the gait. Frame-by-frame analysis was performed to score the gait on the EVGS. Fifteen gait cycles that were clearly visible were selected and rated. The worst score for each item was considered as the score for that item. We used a summated score of both limbs for this study. Thus, the score for the EVGS ranges from 0 to 68.
The EVGS was scored by either of two physiotherapists. Both therapists work primarily with older children with CP, and scoring EVGS is a routine part of assessment. Their experience with EVGS ranged between 3 and 5 yrs. Before the start of this study, the number of children scored by rater 1 was 200, and the number of children scored by rater 2 was 150. Reliability between raters was determined before the start of this study (intraclass correlation coefficient = 0.5Y0.86, Cronbach > = 0.775Y0.96). However, care was taken to ensure that children were scored by the same rater at all three instances. Reliability of the EVGS has been reported to be optimum when there is consistency of raters. 3 
Data Analysis
Comparison of scores at baseline and followups: the baseline scores were compared with the follow-up scores at 6 mos and 12 mos by using repeated measures analysis of variance. SPSS version 16 was used for the analysis. This was done for 40 participants who were regular for follow-up.
In this study, ES for a repeated measure design was calculated using pooled SD of raw scores to determine effectiveness of intervention. 16 ES was calculated by dividing the difference between the mean baseline and follow-up scores by pooled SD. 7 According to Dunlap et al., 16 pooled SD should be used to calculate ES in repeated measures studies to prevent overestimation of the actual ES.
ES at postoperative follow-up for EVGS was calculated using the formula given below.
Formula 1: calculation of pooled SD 9
where SD 1 is the SD of sample mean at baseline and SD 2 is the SD of sample mean at follow-up. Substituting the result obtained from formula 1 in formula 2, d ¶ was calculated. Formula 2:
where d ¶ = pooled ES, X 1 = sample mean at baseline, and X 2 = sample mean at follow-up. Middel and van Sonderen 7 have also suggested that when the correlation coefficient between baseline and follow-up scores is 0.5, the pooled ES can be used for single group repeated measures and will not result in an overestimation or underestimation of ES. The correlation coefficient in this study was 0.5 (P = 0.000) when the baseline and the 6-month scores were compared and was 0.5 (P = 0.000) when the baseline and the 12-month scores were compared. Hence, we have used formula 2 for ES calculation.
Cohen also suggested that to use power and sample size tables, pooled ES should be converted to adjusted ES. This involves correction of denominator for formula 2 because 2(nj1) df is required to calculate sample size from sample size tables. 7, 9 FIGURE 1 Schematic of the walkway and video cameras.
However, in paired samples design, only nj1 is available.
Therefore, the following formula is applicable.
where d = adjusted ES and r = correlation coefficient between baseline score and follow-up score. MCID 5 was calculated by applying formula 4 (i.e., multiplying ES with the SD of the changed score).
Formula 4: MCID = ES Â SD of changed score (difference between baseline and follow-up scores of each individual participant was calculated, and the SD of the cohort was computed as SD of changed score).
Formula 5: confidence intervals were calculated as follows 17 :
95% confidence interval for d ¶ or ES would be from confidence interval = d ¶ j 1.96 Â d^to d ¶ + 1.96 Â d^, where d^is calculated by ¾ (n 1 + n 2 )/ (n 1 n 2 ) + d 2 /2 (n 1 + n 2 ), where n 1 and n 2 are the numbers in the preoperative and postoperative groups, respectively.
RESULTS
Comparison of Baseline Scores with Follow-up Scores at 6 mos and 12 mos
The descriptive statistics of EVGS is given in Table 2 .
Friedman analysis of variance showed a significant difference in EVGS between the three measurements (W 2 2 = 60.69, P = 0.000). Post hoc analysis revealed significant differences between scores before surgery and scores at 6 mos and 12 mos after surgery (Z = j5.31, P = 0.000; Z = j5.28, P = 0.000, respectively).
The values of ES and MCID calculation at the different follow-up periods are depicted in Table 2 .
Using Cohen's classification, 9 the ES at both follow-up periods can be termed as large (90.8), indicating that the change in gait is visually appreciable. From the MCIDs above, it can be inferred that for a change in score to be clinically mean-ingful, the minimum difference must be 10.62 at 6 mos and 15 at 12 mos.
DISCUSSION
The EVGS showed maximum improvement at 6 mos follow-up, although improvement was sustained until 12 mos. This finding is consistent with earlier studies reporting significant improvements in gait kinematics at 6 mos after surgery. 18 There was a large change in scores in our patient population. This was despite high variability in surgical procedures. This adds credibility to the scale's sensitivity to detect change.
When individual anatomic levels were analyzed, the ankle and the knee showed large ESs in contrast to the hip. Moderate to large ESs were observed at the hip. The changed score may have been affected by the reliability of observation at these levels. Reliability has been reported to be greater for the ankle, the foot, and the knee than for the hip, the pelvis, and the trunk. 2, 3 Lower ESs were observed at the pelvis and the trunk, which may have stemmed from two reasons. Primarily, the pelvis and the trunk have been reported to yield less reliability because of greater variation and the nature of variation. The other reason may have been that most of the surgeries performed were aimed at sagittal plane deviations rather than at frontal deviations. Eleven of the procedures were performed on the hip muscles (iliopsoas, adductor, and hamstring release). The large ESs seen at distal joints may also have been a reflection of the surgical procedures that were mostly performed at the distal joints. Therefore, the MCIDs reported for the proximal joints must be interpreted with caution. The changes seen at the proximal joints in this study were greatly influenced by distal surgery.
When ES of the proximal joints was considered at 6 mos, no change was noticed. Although unconfirmed, this finding may suggest that the quality of gait at this level may have required a longer period of time to achieve stability. However, the pelvis showed some improvement at 12 mos, whereas the trunk showed no improvement. Deviations at the level of the trunk and the pelvis are generally compensatory mechanisms for balance, and often, these movements are habitual and, hence, less prone to change in the short-term. The accurate visualization of trunk deviation was difficult because it was not possible to place markers for trunk evaluation. The effect of this on trunk score cannot be discounted.
In this study, we converted ES to MCID to make the EVGS more clinically interpretable. The individual MCIDs are given in Table 3 . However, effects of surgery can be appreciated in overall gait improvement, and hence, we suggest that the total score is of greater importance in evaluating outcomes than are the individual joint scores.
MCID at 6 mos and 12 mos were 10.62 and 14.98, respectively. All the participants were in Gross Motor Functioning Classification System levels II and III.
The number of participants who underwent multilevel surgery and those who underwent single-level surgery were fairly equally matched. Likewise, children who underwent bony and soft tissue procedures were also equally matched. Hence, this cohort is a good representation of routine orthopedic alignment surgical procedures performed on children with CP. Hence, we suggest that these thresholds may only be generalized to patients in Gross Motor Functioning Classification System levels II and III undergoing surgical intervention. Botox injections and other conservative management options for spasticity are not undertaken as routine management protocol in our center, and hence, this aspect of management cannot be commented on in this study. The results were calculated from group means; therefore, clinicians should be cautious while interpreting the results at the individual level. The original authors of the EVGS suggested that a change of 4 in the score on each lower limb was meaningful for an individual child. No attempt was made in this study to explore this aspect.
This study was able to show that ESs and MCIDs can be interpreted to assess change over time and are expected to serve as the basis for sample size calculations while designing prospective intervention studies. This work is a preliminary study to determine the MCID of EVGS. MCID, by its very nature, has been recognized as a changeable entity dependent on various confounders. 19 Therefore, many more future studies are warranted.
Limitation of the Study
We did not calculate the MCID for specific groups based on surgical intervention or Gross Motor Functioning Classification System because of unavailability of significant numbers. This may be addressed in future studies.
CONCLUSIONS
The EVGS is responsive to orthopedic surgical intervention and can be used as an outcome measure to assess effectiveness of intervention. Minimum differences of 11 and 15 on the total summated score of EVGS at 6 and 12 mos, respectively, after intervention are required to indicate change caused by intervention. This must be interpreted when group means are considered in individuals with CP undergoing one to four surgical procedures of the lower limbs.
